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Background Art 



Much of the focus of cancer research has b^n «„ ,r 
» recent years, because of advances in tL^^Z^^T^ ° f the conditio "- 

levels, attention has been directed to methods no oT^ f * ** Ce " Uiar and subcel '"^ 

d.scovering a predisposition for cancer in the organ! " 9n ° S ' n9 *" cancef ' bul a '*° 

* presumed to be mediated by dominant supp^^ters SfT, 0 ' ton *»^ The effect was 
factors were in part genetic since a corrSETX^lir^ S ' EVid6nC8 ,ndlcatod that the *> 
presence of certain chromosomes in fused celte oppression of tumorogenicity and the 

30 appear to be oncogenic by loss ^^S^i^^^ * ^ f ° rmat, '° n ° f thes ° tu ™" 
RetinoWastoma, a childhood eye cancer, has prov Tded teorlZT' " ^ the C ' aSSiCal 0nc °9 8nes - 
and study of restriction fragment length polyJES^^S^T 6XamP ' e - Refined Cyt ° 9enic ™W 
result from a loss of a gene locus \ Jat^ 7chZ^l ^f 99 * that ^"oblastoma may 
referenced pending patent applications wTdisie ^SSES ^ ^ AS referenced to * e a bove 

3S of RB cDNA and RB protein not only in ^^TZlTl^ 5 be6n made in *° utilization 
« the elucidation of the cancer suppressor func, tons of other „ * T™* " RB - r8 ' a,ed tumors ' but a,s ° 
or appropriate methods for the therapeutic 3 S, ' 9nificant need «** 
•eukemias, which are not aminable to L^eT^B^Z ' ^ CarCin ° ma ' ' ymph ° mas and 



Disclosure of Invention 



so and methods for controlling cancer suasion ^ " e " n! t f ^ inVe " ,i0n t0 provide P rodu ^ 

"r^r^ ~ n and eradica,ion of 

therapeutic^ treating cancers ^^^^^ZS^ t pha "™-«"< composition for 
It m yet still another object of the present ^Z to lTT ? he ° 6Mar and Cellular levels. 
* condrttans caused by defective, mutant or absent ' Pharmaceutica ' c ™P°s-«°n for treating 
the composition is a natural or synthetically ^oLTZS Wh8rein thB 3C,, ' Ve in9redie "t «* 

The present invention provides a metLi 
suppression of the neoplastic phenotype. " 9 P53 C ° NA ' and ? 53 

gene products, for the 



2 



EP 0 475 623 A1 



Brief Description of Drawings 

The above mentioned and other objects and features of this invention and the manner of attaining them 
will become apparent, and the invention itself will be best understood by reference to the following 

s description of the embodiment of the invention in conjunction with the accompanying drawings, wherein: 
FIG. 1 A is a diagrammatic representation of three human p53cDNAs; 
FIG. IB is a diagrammatic representation of the genomic organization of three p53 retroviruses- 
F G. 2A is a chromatogram depicting expression of human p53 proteins in virus-producing cell lines- 
HQ. 2B is a chromatogram depicting half-life determination of human p53 in virus-producing lines by 

10 pulse-chase labeling experiments; y 
FIG. 3 depicts the expression of human p53 proteins in virus-infected Saos-2 cells; 
FIG. 4 is a chromatogram of p53B/T complex formation in Saos-2 cells; 
FIG. 5 depicts morphology in a culture of parental Saos-2 cells; 

FIG. 6A is a schematic representation of the doubling times of parental Saos-2 cells and virus-infected 
75 clones; 

FIG. 6B is a schematic representation of the saturation density of parental Saos-2 and EN clones- 

FIG. 7A is a Southern blot depicting the presence of a single integrated copy of Vp53E-Neo in P 53EN-1 

C6llsi 3nd 

FIG. 7B is a Southern blot depicting single, independently integrated copies of Vp53B-Hvaro in o53EN- 
20 on clones. 

Detailed Description of Figures 

« Mai ^rT'^'t'ZlTZ £L CDNAS ^ dia 9 rammed - The se <^nce sported by Lam and Crawford, 
25 M ° ?>■ B '°" »- 1379-1385 (1986), here .abelled as p53L, was derived by sequencing Cones from human 
™ If h D m ^ c J.*™** is considered to be wild-type. P 53B is a cDNA clone derived 
from fetal bran RNA by the RT-PCR method which resulted in cloning of wild type p53 (p53B) cDNA as 
foHows: about 15 ug of fetal brain RNA were mixed with 1.5 ug of oligo (dT) primer and 60 units of avian 
™ S flf TL7 o erS Z t™ 8 ^* 38 * in cDNA ° uff ° r (50 mM Tris-HCI, pH 8.0, 80 mM KCI, 5 mM 
3 o MgCI2. 1mM e-ch dATP, dGTP. dTTP. and dCTP). The reaction mixture was incubated for 90 min * 42 • C. 
^ITS? tT d9 ° WM " Hh 0 5N Na0Hl 3nd sin 9'^anded cDNA was precipitated with 
n fr Z " 3S Carned ° Ut With ° ne " tenth of the cDNA - 100 "9 °< each oligonucleotide 

primer (5 - TGCAAGCTTTCCACGACGGTGACACGCT-3- and 5'-AGTGCAGGCCAAC7TGTTCAGTGGA-3') 

3S TLZlI^rT™? PCR bUff6r (5 ° mM KC '' 10 mM Tris - HC '- P H 8 ' 3 ' 15 mM MgCI2, and 
35 0001 & gelatin) for 40 cycles in a programmable heat block (Ericomp, San Diego. CA). Each cycle included 
dena uration at 93 C for 1 minute, reannealing at 62'C for 60 seconds, and primer extention at 72-C for 3 
minutes. PCR products were extracted with phenol and precipitated with ethanol. The precipitate was 

d !,hHM m ♦ " Sted Wi<h r6StriCti0n 6nZymeS (Hind Sma 1 >- ™° p53cDNA fragment was 
subcloned ,nto virus vector to form Vp53B-Neo. Subcloned p53B was sequenced by using the dideoxy 
40 cham term.nat.on method <F. Sanger, S. Nicklen, A.R. Coulsen, Proc. Natl. Acad. Sci. U.S.A. 74. 5463 
(1977)). 

c K^ 6 , deducted j amin ° acid sequences of p53B and p53L were identical despite two silent nucleotide 
P5 f 'It C ° m C ' 0ne Pr ° Vided by E Harl0w ' has amino «*■ substitutions at 
« I I 'T V8 ! ° ^ ° f P53B " The Ar9/Pro72 re P la <*ment represents a common amino acid 

45 polymorphism, wrthout known functional significance. On the other hand, the substitution of His for Arg at 

posrtion 273 .s found exclusively in tumor cells and is considered to be a mutation. Like many other p53 

boxes) 0 " 5 ' li6S Withi " ° f tW ° fe9i ° nS feqUifed f0f bindin9 10 SV4 ° T ant '9 en < hatcned 

In FIG 1B, the genomic organization of three p53 retroviruses are diagrammed. Vp53E-Neo was 
so constructed by inserting a 1.5 kb Hind Ill-Sma I DNA fragment containing P 53E into the plasmid pLRbRNL 

vSmo 9 ZZLV ^tZ P53B ° Mained ^ RT - PCR W3S *«* inS6rted >" to the pLRbRNL 
vector to form Vp53B-Neo. The msert in one clone was entirely sequenced, as diagrammed in FIG. 1A 
Vp53B-Hygro was constructed by insertion of a Hind III DNA fragment containing P 53B and the RSV 
promoter mto plasmid 477 (a MuLV-Hygro vector kindly provided by W. Hammerschmidt and B. Sugden) 
55 These constructs were then used to produce the corresponding viral stocks using conventional techniques 
borne major restnct-on sites important for construction are indicated. H = Hind ill, R = EcoR I S = Sma I 
B - Bam HI, C = Cla I. ' 

FIG. 2A is a chromatogram depicting Murine PA 12 cells (Lane ml), human WERI-Rb27 retinoblastoma 
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trophoresis (SDS-PAGE) and «u^™™*J7« 7'™*' b ' a5% SDS-polyacrylamide gel elec- 
. (MP53, an« bolh po^onThttTjhu™ TZL%? H M ™> "* S "™ •"*<>«"» p 5 3 
arrow) proteins in LL c,WjZd,cl d ' < P ' ""^ <■«** "™*> am < P«E (open 

- „ pulse-chase labelino. 

clones) were labelled with 0 25 mCi/rnl ^meMoil ?f sn*^ * C ' """"""a *» independent 
» excess ot unlabeled methionine. M lie IndfcS Ze7 ™ ,f ""T* " ^ "* a 100 °-'» ,d 
pro,* wi, h PAM2 , as described ZZTfJZ^sZ 55!? T 'T^' 8 *''**''" <* » 53 

» P53EN N «), P53BN o^«nSJTS55 S: Neo ' * Vp53B - Hraro ,o 

also doubl, infected w«h Vp53E-Neo andVbfflB+LI. ^ . ' ,8s,lec,,vel l , • ™lls were 
Randomlyselecttd denes, and wsTw££ cS^IaZ J° """ft P53EN " BH c ' on,s <"""» 13 -' 5 >- 

" «'-3 ^3^tef^ • ~* «*-. 

plasmid pRSV40T by conventional methods and 60 ho- ♦ 8) transfected witn 

methionine. Cell lysates were fcnmunSSS^JS P^2 tnesM JT?*?* ^ ^ 

monoclonal antibody against SV40T antigen (lanes 2 4 6 anfs PAmTq f 71 ° r With PAb419 ' 3 

25 expressing both p53B and p53E } ' 9 C0 P rec 'P'*ated only p53B in cells 

Saos- 2 cells, and representative 

B, cells at confluency are shown. ' exponen,,allv 9™v.ng cells were shown while in row 

- FIG R 6?the^ 9 ™ h °< *» expression in Saos- 2 ce.l, In 

are shown. Equal numbers " e£Tc^Tn» and ;'™™fected clones in an exponential growth stage 
were trypsin,^ ^ ^J^^S^Z?*"* T" °* « »" ^ 
log cell numbers. FIG. 6B shows the saturation , ? 2 88 W6re derived from ,ines m ^ to 

x 10F) o, cells were seeded ^n^^^tZ cS^^ "* "T™ *»* numb ~ < 1 

as the times indicated. Plotted points were m«.n rT. T k S Wefe ^P 5 '™ 2 ^ counted at 

PO^^c*^^^^^^^ ^» Cate ^ration density o, 

ot Vp 53 E- N eo and one copy of 

digested with EcoR I, and separated in 0 7% ? J***" 2 Ce " S 3nd * e indicated c,ones was 

* membranes were hybndlZri^ Z n'f.f ^k" ^ Wa3 Perf0rmed ' ^ 
standard methods. A single junction* i £^£1^ ' ? , ^ (Pa " el B) DNA probes » """ng 
integrated copies of each v' rus 91 ' S ^ m *** C,0ne with eac " P™be. indicating single 

Best Mode for Carrying Out the Invention 

recog3 X^TSS ^"oSTnS SSST*^ " °~ » iS 

retinoblastoma gene (RB) is the phototype of th s dass ^iTS? " ° nC0 9 enesis - Th « 

retinoblastoma cells, and RB mutations am £ h ! °' ^ Qene are invari ably mutated in 

so osteosarcoma, soft-tissue sarcomas and carcnoL, i ^ * ^ ° f 0ther huma " neop,asms inc ' ud '"9 
wild-type copy of RB i^SlS^^T ?' ^ ^ Pr ° State - ,ntr0ductio " of a 

thereby provSng direct Tj^ZTzJnl ^'T™ ,n " Ude mice ' 

copending patent application entitled^ X^ti£J^^^ m ^^^^ 
Neoplastic Phenotype," Serial No 265 829 fSlri T> T T Z C ° nt '° m9 ,he Su PP r ««i°" of the 

ss introduced into human pros a e ca^Vl co^' ' T RB 9 ene was als ° 

247. 712-715 (1990)). Expression ofTe exooenous ^ 9 ™ en(,0gen0us ' mutated RE > protein (Science 
^Plying thai wild-type RB ^wSSZ^^*^ TfT^ ^ tamori B«**y of { ^^« 
a Oenera, .ode, for the ^ 0^^^^^"—^ 
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ACA TTT TCA 



ATO GAG CAG CCC CAG TCA CM CCT A6C GTC CAS CCC CCT CTG AGT CAO GAA 
CAC CTA TCC AAA CTA CXT CCT CAA AAC AAC GTT CTG TCC CCC TTG CCC ICC 

~ ~ - oco „ cc. cca „ m „ ^ » ^ ^ ra ^ ^ ^ _ 
-» « « c* ccc K0 tac OT TO Mt g ^ uj ^ _ ^ ^ _ ^ ^ 

is^s m »«. 
*t»"""""*- s - s — — ■- • 

CGC TCC TCA CAT ACC CAT CGT CTC CCC CCT CCT CAC CAT CTT ATC CCA GTC CAA GGA AAT 

601 / joi 

» CCT GTC CAC TA, TTG CAT GAC AGA AAC jg TTT Hi CAT ACT GTC CTC „ „ m 
~ - CCT «. GTT «C TCT CAC TGT ACC ACC ATC Si TAC AAC TAC ATG TGT AAC AGT 
~ ~ - CCC CCC ATC AAC CGG ACA CCC ATC CTC ACC ATC ATC ACA CTC CAA GAC TCC 
- ~ « CTA CTC « CGG „C ACC TTT £ CTC Si GTT TGT CCC TGT CCT CCC ACA 

CAC CCO CGC ACA GAG GAA GAG AAX CTC CGC AAG AX» III 

901 / 3Ql CGC AAG AAA GGG GAG CCT CAC CAC GAG CTG CCC 

CCA GGG AGC ACT AAG CCA GCA «■ rnr* „.„ ? 3X ' 311 

361 / ,„ MC CAG CCA AAC AAC 

AAA CCA CTC GAT GGA GAA TAT TTC »^ ^ ? 91 ' 331 

1021/ Mx ^AA TAT TTC ACC CTT CAG ATC CGT GGG CGT GAC CGC TTC GAG ATG 

TTC CGA GAG CTG AAT GAG CCC TTG r»» ™~ 1051 / 351 

1081 / 361 T ^ rTG GAA CTC AAG CAT CCC CAG GCT GGG AAQ GAG CCA CGC 



CCC ACC AGC GCT CAC TCC AGP pip „.„ uu / 371 
1141/ 38! ^ ACC ** ™ «* 

AAA AAA CTC ATG TTC AAG ACA GAA GGG CCT GAC^TCA GAC TCA 



65 
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Table 4 

1/1 31 / xi 

5 9 / U *H Pr ° 9ln as P P™ 8 « v »l |lu pro pro l«u ser gln glu thr phe ser 

asp leu trp l ys leu Xe« pro glu as „ asn val leu ser pro leu pro ser gin ala «et 
asp asp leu aet leu ser pro asp asp lie glu gi„ trp p„ e thr glu asp pro gly pro 
asp glu ala pro arg B et pro glu ala ala pro arg val ala pro ala pro ala ala pro 
thr pro ala ala pro ala pro ala pro ser trp pro leu ser ser ser val pro ser gin 
> s III T III 9l " 9ly tyr 9ly Phe ar » J« Phe leu hi, ser gly thr ala lys 

ser val thr cys thr tyr ser pro ala leu asn lys net phe cys gin leu ala lys thr 
T Si 9ln l6U trP Val aSp Mr ttr £» P« J" »ly «>r arg val arg ala met 
ala lie tyr lys gl„ ser gin his B et thr glu val val arg arg cys pro his his glu 

S! T III MP "* MP *** leU ala p ™ g» *J» JJ- leu lie ar, val ,lu ,ly asn 
Itl T X 9lU l9U " P aSp ar » asn gf »*• «| W3 ser val val val pro tyr 
glu pro pro glu val gly ser asp cys thr thr lie his tyr asn tyr «t cys asn ser 

W T m ^ 9l/ B8t P " }g la « *g il« H. thr leu glu asp ser 

ser gly „n i w leu gly arg asn ser phe glu val arg val cys ala cys pro gly ar, 

lo? T a oT *** 9lu 9lu * lu asn Xeu ar * lv « i;y giu p« his h ia u« vro 

pro gly ser thr iy a acg ala lau pro asn ^ ^ ^ ^ ^ ^ ^ ^ ^ 

SSiT iSS asp 9ly 9lu tyr pha ttr lau U n 51 n / a 9ly ar9 9lu ar9 pha » lu TOt 
HtxT & leu MB 9lu ala Iau lau }HiT lit gln aXa 9ly lys *« p ™ 

li Y l S / C S? "* " r hl8 leU ly " 8 « 7 g» gin ser thr ser ar, his 

^ lys lys leu net phe lys thr glu gly pro asp ser asp OPA 

DrooSSVi.r hTI? 38 3 mamma,ian Cellular protein that binds to SV40T antigen a 

laZZ P53 we^o nd^tn T ^""h De ' 8,i0nS °' rea ™9™ents °< the murine or humane 
so 3 r c in«LT t k Fnend v,rus,nduced murine erythroleukemias, and in human osteosarcomas 
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ZZZl^LTl 0 ^ 0 ^' Wher83S mUtated ° NA enhanced such transformation. The 
dominant transforming effect was presumed to be due to a "dominant negative" activity of mutated d53 

, rZSS ?! ,h6 ; e,at,ve Wtrty of mutated to wild-type P 53 could determine the transformed 
5 phenotype. but gene dosage could not be tightly controlled in these transfection studies 

funJnnTnH * ^ ^"'f ' qUeSti ° nS ' 35 W6 " 38 *" of ^ies-specific differences in p53 

function and the uncertain relevance of transformed animal cells to human neoplasia, it was determined that 

Z^cTi^TT:- ° f P53 ,h T SySt6m ^ b8 reaSS6SSed - 11 was -coX LTan idS 

ro tvoe It h W ° * ' ^ *" experimental manipulation of sing.e copies of mutated or wild- 

hat a rf nn hT' ° '"^ hUma " C8 " S C ° nta,n e " do 9 e ™s and possibly mutated P 53 alleles 

because n nTI ? externa ' c ° ntro1 - ™° "uman osteosarcoma cel. line Saos-2 was therefore chosen 
f^m Moll end0 , 9 T S P53 due t0 com P ,ete dele «°" of its gene. Recombinant retroviruses derived 
from Moloney murine leukemia virus (Mo-MuLV) were used to introduce mutated and/or wild-type d53 

,s SI, Pr ° m0ter < C °T Ce " C,0n6S iSOla,ed after intection and «•**» ca?rd^ w d y ?: in p g 'e 

~ I Pr0VirUS ° f e3Ch ^ a " d mU ' tiple Cl0nes were to ««*iae positional effects A 

comprehensive assessment of biological properties of these clones included morphology, growth mE and 
saturation density ,n culture, colony formation in soft agar, and tumorigenicity in nude mtak 

Preparation of mutated and wild -type p53 recombinant retroviruses 

20 ~~~ 

(Moi^eVefoTriaT^aS n£HT ""'To p53, *" genomic DNA sequence of Umb and c ' awford 
t i H , nfolf }> W3S US6d - P0tentia " y wi,d - t VP e P53 cDNA was isolated from fetal brain 

about LToT S h ITn S ^ C T d int ° P,3Smid - C ' 0nin9 0f wi,d P 53 c«S 
2S mvlhfZ^ T W6re m ' Xed Wi * 15U9 0f 0li 9°< dT > P rimer and 60 units o avian 

25 myeloblastosis virus reverse transcriptase in cDNA buffer (50 mM Tris-HCI oH fin wimM kti ^Tm 

Z relSr^ d H GTP 'H d V P '- and dCTP> - ^ reaCti - ~astu^^^ 
JUTS? .tT de9rad6d With ° 5N Na0H> and ^-stranded cDNA was precipitated with 
ethanol PCR amplification was carried out with one-tenth of the cDNA, 100 ng of each oliqonucleoHde 
so a P " me /,f : T T GCAA f ^CACGACGGTGACACGCT^- and S-AQTC^t^^SSSSS^ 
nmc U ,° f .? q P 0, y merase fn PCR bufl* (50 mM KCI. 10 mM Tris-HCI. pH 8.3. 1.5 mM MqcL and 0 
001% gelatin) for 40 cyc.es in a programmable heat block (Ericomp. San dL CA) Ea^h cvcte incTuded 

minutes PCR products were extracted with phenol and precipitated with ethanol. The precipitate was 
dissolved ,„ H 2 0 and digested with restriction enzymes (Hind ... and Sma 1). The p53 cDNA fragment was 
35 subctoned into v,rus vector to form V P 53B-Neo. Subdoned P 53B was sequenced Iv^TSSZ 
chain termination method (Proc. Natl. Acad. Sci. U.SA 74 5463 (1977)) V 
dedu^VZl'"" 7 clone l^ignated P53B) was entirely sequenced (-1300 bp) to reveal a wild-type 

clone ^531=7 I f?„ f qU6nCe d ! SPlte ^ Si,9nt nUC ' 90,ide (PIG- 1A). Another p53 cDNA 

clone ( P 53E). isolated from an epidermoid carcinoma cell line A431. was also sequenced and wi found to 

W muSn^^ 3t COd ° n ^ 3 ^ feP,aCed ^ Wi,h HiS < RG - ,A >- ^^^J^ 

<s ^S^S^Z^ th6ref0re 9XP,0i,ed t0 diSti " 9UiSh — P"— «•» ** 

f 3 ^ , P53B W6re the " inSerted int0 a M o-MuLV-based retroviral vector containing neo as a 
252 tnT r.": 9 l ° f ° rm Vp53E " Ne ° and Vp53B - Neo viral Qenomw. respectively "fiGTI In 
add tion. to facilitate double replacement, V P 53B-Hygro was made by inserting P 53B into a simHar vector 

S? P f? T V ' rU$e$ W6re pr ° dUCed> Uti,i2in9 c ~«<™. methods, with titers of about 1xi0=2x 
mVinJ miLt !,: reSpeCtiv , ely -. fasten of P 53 proteins from the viruses was initially assessed in the 
Zl? , Pa f ka9in9 Mne - PA12 ' that waS used ,or virus P fod ^°"- Moated and wild-type 

m g^^ i ^ reSP6CtiVe Vir -P^"9 «*■ with the expected difference in 

migration by SDS-PAGE (FIG. 2A). Because spontaneous mutation ol p53 may occur freauentlv in cuttunwi 

^^Er 1 '^r 8, of these p53 proteins ^~ c ^ r 

half lives, and their ability to bind to T antigen. P 53B protein had a half-life of 20-30 minutes compared to 4 

m^^cSTS: (RG " 2B, 'T SiS,ent ^ PUb ' iShed r6P0rtS ° n ,hS half -" V6S 0f and 
mutated P 53 proteins. When virus-producing cells were transfected with a plasmid expressing large 
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[ hese "**» tether suggested that psScoSLo ^1° ^ P53B pr0,ein cou,d bind to 
contain.ng virus expressed mutated p53. PWB ^ 0nta,nin 9 v,ruse * expressed wild-type, and that p53E 



^^l£L!^£9en^^ ce||s 



Osteosarcoma cell line Saos-2 which rnntainc „ 
provides a clean background for functna, stS ofZ ZoT ° f delet '° n of its *•* 

io w,th parental viruses containing only neomyc^ or hvSml' ? 6Xperiments - *»* cells infected 
morphology and growth rate compared to urSecte* ce * s'nTfT ^ Sh ° Wed no cha "^s in 
secant influence on their neoplastic propels 1 aos t 3 Til"* * U ° Se ' eCti0n did not hav ° a 
V P 53E-Neo. Vp53B- N eo. or Vp53B-Hygr inTe JswLul* C ° mparable « ters * ^er 

s.m,.ar numbers of drug-resistan, colonies ZTSL c^T'T^ 6 * ach **** 
% *S ^ thS n0lable oration that V P 53B-inSd 2? d " a " y Pr ° pa9ated into ma ** 

-nfected cells. Vp53E-infected clones uniformi? exoSS h£? , °T mUCh m0r6 *" V P**- 

Vp53B-,nfected clones examined, about 8^321^^°' ^ Pr ° tein (F,a 3A >" « 30 
Vp53E-Neo and Vp53B-H y gro clones ^ZT^J^T^ T* m ^ Tw ° each " 
double-.nfected clones were isolated and proved £ 1* by the other vi ™. a "<* 

» P 53B protein {FIG. 3C). To again verify jh^SSSlf. ?^ Th6Se C,ones ^expressed both d53E and 
expressing Cones were transected ^^IISTZST "h T " COnda ^ mUtated ' ^ 
descnbed above (FIG. 4). Anti-p53 antibody coprecTpitS \ i [ ZZt ^ as 
ed only p53B, even in ce.ls expressing both p^H^ 

measured, and was similar to that of p53B in PaY IcTs rf™ I t "'^ " p53B in Saos " 2 »» atao 
» -nfected Saos-2 clones expressed wild-type p53 89310 SUpport *• noti °n that Vp53B- 

30 * « - compared to 

F.G. 6B). ^-gar colony formal ™- 8A >' ^uration'density 

-results of colony formation and tum^ ^ 



40 
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TABLE 1 

Soft-agar colony formation of 
P53 virus-infected Saos-2 cells 



Virus-infected 
cells 



Cell nuirJber seeded 
1.0x10 s 2.5X10 4 



colony number 



P53 expression 



Parental 

P53EN-1 
P53EN-2 
P53EN-3 
P53EN-4 

P'53'EN-S 

P53BN-1 
P53BN-2 
P53BN-3 
P53BN-4 

P53BN-R 

P53BH-1 
P53BH-2 
P53BH-3 

P53EN-1-BH-1 
P53EN-1-BH-2 
P53EN-1-BH-3 
P53EN-2-BH-1 
P53EN-2-3H-2 



392/388 104/76 No 



928/968 
517/593 
485/534 
445/4 98 
582/441 

<1/<1 
<1/<1 
<1/<1 
<1/<1 

414/384 

<1/<1 
<1/<1 
<1/<1 

<1/<1 
<1/<1 
<1/<1 
<V<1 
<1/<1 



396/372 
121/105 
96/123 
106/121 
132/172 

<1/<1 
<1/<1 
<1/<1 
<1/<1 

54/48 

<1/<1 
<1/<1 
<1/<1 

<1/<1 
<1/<1 
<1/<1 
<1/<1 
<1/<1 



Mutated 
Mutated 
Mutated 
Mutated 
Mutated 

Wild type 
Wild type 
Wild type 
Wild type 

No 

Wild type 
Wild type 
Wild type 

Mutated/Wild type 
Mutated/wild type 
Mutated/Wild type 
Mutated/Wild type 
Mutated/Wild type 



50 



55 



9 
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TABLE 2 



No of raice with tuaor 



Virus-infected 

cells No^rn^-i^jiHted p53 e ** ressi °» 



Parental 

P53EN 

P53BN 

P53BH 

P53BN-3? 

P53EN-BH 



10/10 

12/12 

0/5 

0/6 

3/3 

0/5 



No 

Mutated 
Wild type 
Wild type 
No 

Kutated/Wild type 



and pa***, cells share(f simi|ar ^ spa ,se g,^ 



Vp»BN.R dertel „„„, V P 63B.N W S* 2f W "EL-"*?" " d »**» » « 
Ptenolype IndMngufetau, l rom parenlairate^li , daeclable «P»«*»> of p53B h ad a ' 
e-wd 830= ,z cm 6y p53B -mVJ^^V"? 2) ' ^ • 50% ,8dUCto " «™» -ate of 
J" c ° l °">' *™a«on. implying that w Md-tvr» rST v CCmp * >te toss <" l™™lgenic»y and soft 
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Z3££ of ~*» ■* * two P s3, 

P53B and p53E. To determine I C£ of S^T^ ^ rt ^ 1 5 coexpresL bo fh 
5 lor' 0 S NA ° f thr8e C,0n6S SiSTSL^ h "!? VirUS PreS6nt in 

,„ ?r b,0ttin9 (RG - ^ "Nation with neo aTa «SE h , W,h V P 53B " H V9~ was analyzed by 
m all three clones, indicating the presence of T^uEl?^ ' .I"*' COmm0n junctional f ^™"t 
7A). Hybridization with hygro showed a sinnte ,n ' nte . 9rated C °PV of Vp53E-Neo in P 53EN-1 cells (FIG 
Presence of single, independently %£2t^v£^ f*"" in — hiS^i 
10 tTT: Wer ° 6XPeCted - based «» P^fauT^of . T. P53EN " BH C ' 0neS < F,G - ™>- Single 

bol" 98 COn,, ' rmed ^ P53EN ' BH ctonT^S^ b ' n T re,r ° VirUS a " C ° mparab ' e tite - 
that bo* exogenous p53 genes were expressed (FIG 3) B * , ? C ° Py 0f each «d 

*» ce„s m a, have . 8(fec ^ *~ " ^STpSST " * 

M Rroa °» P53 as a tumor suppressor . 

dsnsty), ffi8 , 9by S|MV( | ft ™ if?l ?° aSp6a 01 »»* 0™* *> culture 

ovarnddenbyrtld-typepameseriate aratoo^,^ 3 T * hM '°"- ** on. that was 

P53 or^? ° ,9 w ^ ,ransfec ^ ^5E2 «5 °I SU W»™°» 

35 ^ expressed on, y m "tated p53. * pe 953 DNA e,ther fa»ed to express exogenous 

^^^Z^^^™^* P53 was incompatibfe with formation of 
a nonspect cou ' d *«*n as . suppj™ 0 ° f f 

IntSTh / ° m 6 Pr6Sent inventl0n ' ^nsformed c^l Zn mIT "? ^ eXC,Uded " ,n 
phenotype that stably expressed oxogenous, wild-type ?53 ' 3,1,1 9r ° win9 clones witn *»ered 

" he ^ stu *es in mouse, together indicatethat „ ° bta,n8d These data in h "™n cells and 

fundamental property conserved^ ^KnSLT* SUPPreSS ''° n fUnC, '" 0n ° f P53 is a ^ and 



The nature of P 53 mutetinn 



^{^^ have point mutagens that 

Zh nanf ° nC09ene> 6603058 su <* P53 DNn^ST 1 initia ' impr9SS, ' 0n ,ha * P53 

transformation of rodent cells in a variety of assavs F .!th " C0 " StrUCts were activ ° Promoting 
have common antigenic and \*otit^^SS^T^ ^ Pr ° dUCtS 0f mu,ated 1^3^22 
rem,n, S cent of other dominant oncogenes like lr 1h P P , r ° ,8 ' n ' eVe,S - These fea,ur es are quite 
rearrangements of the p 53 gene, £ZZ£ SJZLS °? «*" ^ 9ross ^ns t 

to be cZ;r dU r dmUrinee ^ hro,euke ^ h3Ve been found 

to be charactenst.c of socalled tumor suppress"o7lS,«c f ( 985)) ' Such muta «ons are considered 
« exp.a.n how both kinds of mutation could impa^ h l T s 7l ^ f ° inaCt,Vate their »»™al functS To 
type P 53 indeed functioned to suppress tumor fori, ° nC ° 9eniC phenoty P e - il ™ Prosed that wild 
= ,y sea . ed t0 inactjvat9 IhbXS^STi^ ^ ^" POint 
- - — cel, it was necessary to hyp^ ^ 
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, 0 frl ? P ° ,nt mUtations in unserved regions TheTnH ! '» u m ' n9 p53 al,ele is a^cted 
mutated P 53 genes and other p53-negat,Ve cells atWr °*sed by replying experiments with other 

~. ™— --^=r==r_-J 
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Genetic mech anisms of P 53 ina ctivatinn 



s suppressor gene inaction that can b^SaSS n th <ZZ /„ ^ C ° nf ° rmS t0 3 model ° f 
reference may be made to pending appfcrfo^l?, J ° re,inoblasto ™ gene. In this regard 
Serial No. 108.748, fi.ed October T 

265*29 filed October 31, 1 988 . cLplte Z c^ThT RB a ° 'J* "° 
Jnoblastomas. and wild-type and mutated RB alleles hal 1 k "J** * 80 ,ar universal "> re- 

hand many tumor cells have norma. RB expresS Z « n^J? C ° mP ' ete inactivati °"- On the other 
in other genes. In such RB+ tumor cel.s, infroSon of^ddlni? PreSUmab ' y beCauSe of 
effect; for example, it has been found that ^^03 ^0^' 7?*™* may have iMs or "° 
not known to exist. The results obtained to date indicate ZTotoZ h T p53 a,,e,es « 



20 Summary. 



ce^: a ^^ are found fre q uent, y in human tumor 

or loss of both P 53 alleles during human oncoaenTsT, a h 9 " ° rder ,0 model * e ste P™° mutation 

* that lacked endogenous p53 due to ^SSSS, of Zl^T^ ^ «»> Saos ' 2 ™ "«E 
were then introduced by infecting cells TZ^Zt l 9 ^ ^ COpies of P53 genes 

mutated versions of the p53 cDNA ^ 0r poi " I 

he neoplastic phenotype of Saos-2 ceHs; 2) Jl^^J^^V^ ° f p53 Jesses 

to cells in the absence of wild-type P 53; and 3 J wS" D 5 3 t^ '1°°^ * " mited 9rowth ■S"** 
3 o a two-allele configuration. These results indicaT^ S £ en0typica "* *"*»»* to mutated p53 in 
alie.es of ^epsa gene is essentia, for to ^Toncl^sT *«* mutation of'both 

**™^Z^2 ^ ~ b een disdosed. it is to be understood that 

^ ap^ cI , m , ^ , no intentiQn> {he - are fC= ed ^ „ ^ = ^ 



1 A ^^^^^s^:^ 

2. A gene protein product having an amino acid sequence comprising: 
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1/1 » / n 



- «. ,~ ,Xn « «, p „ t . t VIl ?} „ ,„ p „ Uu _ ^ ^ _ 

;|j >. tjp .,. P „ „. „„ .„ ,. } 1; , _ ,„ uu ,„ _ 9in >u ^ 
S 7 - -« P „ „ p „ p u . ffi pho ar ?ia ^ ^ ^ ^ 

«r T .j. P „ ,„ „ t pro , lu >IS .„ ^ ^ ^ ai> w ^ ^ ^ ^ 

£ P» g. «. p„ , la p „ al . pro s „ ^ ^ ^ _ ^ w vu ^ ^ 

III f IV, « - t , t , ly „, ^ y ffi Uu Ma s<r >iy ^ ^ 
... ^ cr. ... t„, _ p „ ... _ .„ ,„ « „„„ ws 1M >la iya ^ 

- 7 IS - - « - - ~ E T » «, *. ,„ « „, .„. „ t 

ii; ? in *■ - «■ « ». «. v« s „ «, w „„ M , B1 , 9lu 

S T K - - - «* - «' « » «» M. 1.U U. „ v.X „„ , ly „„ 

J«. «, 22 , lu ^ leu „ p „„ „, 4S11 ^ ^ a ^ Ma TO v>1 ^ >al ^ ^ 

£ ^ g. ,1. « =« « p w tte ^ „. J tyi _ ^ ^ ^ ^ ^ 

« ? . « ,1, , ly « «„ ar , at5 „. leu ^ lu iu ^ ^ ^ ^ ^ 

~ ,iy .» uu 1M ,„ „ n „ r ph . g; ^ w ^ ua ^ ^ ^ ^ 
SmTSS!"" ' 1u *■ «» ™ »» jy ? iy> ?} y «u p „ M . u. , lu l€u pr0 

& S »- - «• 1» «» . T gr s~ »r p „ p„ lys ly . 

ar a asp •* ?i » « * « »- a* a « «. «. «, M . , lu »« 

ar a le " - *■ - i - «» >- }» 7 % ... , ly ly . , 1o p „ , ly 

?LVr JS! 1,13 ■« «« >- »y - iys ig «y ,i„ ^ a, .„ .„ Ua 
lys ly. i„ .« w . ,„ ttr , l0 Jly pr(> asp ^ ^ om 

using a cloned p53 cDNA; and 

delivering said cloned p53 cDNA to the cell. 

A m S fl 0 n^ PPre f Sin9 ne ° P,aStiC Phen0tyP9 0f a ce » c ^P^in 9 : 
using a p53 protein product; and 9 

delivering said protein product to the cell. 
A cDNA clone for suppressing the neoplastic phenotype comprising: 



14 



EP 0 475 623 A1 



ATG GAG GAG CCC CAC TCA CAT CCT AGC GTC GAC CCC CCT CTG ACT CAG GM ACA TIT TCA 

::: -a^— ...... 

^^^^.^^ 

^^CTGTCCCTTCATTCC.CACCCCCC CCC GCC ACC CCC CTC CCC CCC ATG 
~ « XAC AAG CAC TCA CAC CAC ATG ACG £ CTT GTG ACC CGC XGC CCC CAC CAT GAC 

CC-C T, CAT AGC GAT GGT CTG GCC CCT ICT CAG S CTT ATC CCA GTC C» CCA A. 
TTG CGT GTG GAG TAT TIG GAT GAC ACA AAC ACT TTT CCA CAT ACT GTG CTG GTG CCC TAT 
6 «1 / 221 



s« 

„Sis 

~ - « ACA GAG GAA GAG AAT CTC CGC S A^A Si GAG CCT CAC CAC GAG CTC CCC 

:;: sas„ 

AAA CCA CTG GAT GGA GAA TAT TTC Arr rn™ !" ' 331 

M1 AA TAT TTC ACC CTT CAG ATC CCT GCG CGT GAG CGC TTC CAC ATG 

AAA AAA CTC ATG TTC AAG ACA GAA GGG CCT ZlVc, ^ TCA 

A clone of claim 1 having approximately 1300 base pairs. 
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